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EgyptAbstract The concentrations of trace metals (V, Al, Sn, As, and Se) were measured in seawater,
sediments, and muscles of ﬁsh species collected from beaches of Marsa Matrouh, North West coast
of Egypt. The decreasing trend of metals was observed in water as Al > Sn > As > V> Se and in
sediment as Al > Sn > V>As > Se. The levels of dissolved V, Se and As were lower than the
typical natural trace element concentration of seawater while, Al surpassed. Dissolved Sn concen-
tration was higher than the background concentration (0.01 lg/l) but it is still lower than the toxic
concentration for organisms. Pollution load index (PLI) recorded values >1 indicate progressive
deterioration of the sediment quality. Enrichment factor (EF), contamination factor (CF) and
geoaccumulation index (Igeo) demonstrated that most of the sediment samples were moderately
to heavily contaminated by Sn which surpassed the threshold limit value (TLV). Metal bioaccumu-
lation in the muscles of ﬁsh species was in the decreasing order of Al > Sn > V> Se, while As was
not detected in all species. Calculated metal pollution indices (MPI) were lower than 1 except in
Saurida undosquamis with 1.43 indicating that it is safe for human consumption.
ª 2015 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Aquatic ecosystems have been affected by various types of
contaminations around the globe in the recent few years.
Heavy metals are one of the most common pollutants which
have severely deteriorated the aquatic ecosystems (Ali et al.,
2013) due to their toxicity, abundance, persistence, and subse-
quent bio-accumulation. Their release in aquatic ecosystem is
triggered by both natural and anthropogenic processes(Zhang et al., 2009). When discharged into rivers, trace metals
can be strongly accumulated in sediments and biomagniﬁed
along the aquatic food chains (Yang et al., 2011). Because of
the non-degradability of trace metals, toxic effects are often
observed at points far away from the sources (Guagliardi
et al., 2013). Because sediments concentrate metals and the
concentration of these elements in sediments is less variable
than in water, sediments are suitable for monitoring the
long-term metal deposition in ecosystems (MacDonald et al.,
2000; Alloway, 2013). However, measuring metal concentra-
tions either in water or sediment does not provide information
on the risk posed by metal bioaccumulation or bio-
magniﬁcation (Ricart et al., 2010; Maceda-Veiga et al.,
146 S.A. Abdel Ghani2013). These processes are ﬁrstly driven by metal availability
for biota, i.e. bioavailability which in turn related to water
variables, such as pH, oxygen concentration, water hardness
and temperature, in addition to sediment characteristics, such
as organic carbon content (Kotze et al., 1999; Canli and Atli,
2003). However, species traits such as trophic position, age,
body size or home range also modify metal bioaccumulation
patterns (Mason et al., 2000; Gammons et al., 2006;
Kojadinovic et al., 2007), illustrating that a combination of
sentinel species with different ecological attributes will provide
the best picture of the risk posed by metal pollution for the
biota (Jorgensen, 2011).
The objective of this study was to assess the pollution status
of Marsa Matrouh Beaches by estimating levels of V, Al, Sn,
As, and Se in seawater, sediments and some ﬁsh species.
Health risk assessment was also concerned.
Materials and methods
Study area
Marsa Matrouh is located in the north-western Mediterranean
coast of Egypt, 290 km west of Alexandria. Beaches of Marsa
Matrouh extend for a distance of 7 km (Fig. 1). It is protected
from the open sea by a series of rocks forming a natural break-
water with a small opening to allow some wave penetration
and ensure good water quality. Beaches 4, 5, 6, 7 and 8 are
situated in the lagoon, while beaches 9 and 10 lie some 20
and 28 km west of the lagoon respectively. Beaches 1, 2 and
3 lie to the east of the lagoon. Tourism and Fishing are the
main activities in the study area.
Sampling
Sediment samples were collected from ten different
sampling sites (Al-Remalah, Alam El-Room, Mina-Hashish,
El-Fayroz, Romel, Al-Boseet, Cleopatra, El-Gharam,
El-Obayed and Ageebah) along Marsa-Matrouh sea shores
(North West of Egypt) during summer of 2010. A grab sampler
was used to collect the sediment samples to cover different
regions in the investigated area. Samples were sliced from the
grab center, using a plastic spoon to avoid contamination with
the metallic part of the grab and placed in self-sealed polyethy-
lene bags for analysis. Sediment samples were freeze-dried
using Freeze dryer (Labconco, England), ground with agate
mortar and stored at room temperature. 30 cm subsurface sea-
water samples were collected from the same sampling sites.Figure 1 Distribution of sampling areas along Marsa Matrouh
Beaches during 2010.The samples were ﬁltered through washed, dried and weighed
0.45 lm membrane ﬁlter and kept in polyethylene jerry cans
prewashed with acid and rinsed with de-ionized water.
Eight ﬁsh species were also collected by ﬁshermen namely;
Saurida undosquamis, Mullus surmuletus, Adioryx diadema,
and Dicentrarchus labrax which belong to the families
Synodontide, Mullidae, Holocentridae and Moronidae, respec-
tively. In addition to Boops boops, Pagellus erythrinus,
Diplodus sargus and Sparisoma cretense which belong to the
family Sparidae. Muscle tissues of each species were taken,
homogenized in a mixer and kept in plastic bags at 20 C
until analysis.
Chemical analyses and instrumentation
Total metal content of sediment samples was analyzed using
an acid digestion method (Pozebon et al., 2009) in which 1 g
of dried sediment is accurately weighed into Teﬂon cups and
digested using mixture, HNO3, HClO4 and HF (3:2:1) to near
dryness. The residue was dissolved in 37% HCl and diluted to
10 ml with de-ionized water. Grain size was determined by
using the conventional method (Folk, 1974). Dissolved metals
were extracted from 1 L seawater by using ammonium pyrro-
lidinedithiocarbamate (APDC)–methyl isobutylketone
(MIBK) according to Eaton (1976). Determination of total
metals in ﬁsh muscles was carried out according to the method
of Saeki et al. (1999). About 1 g of wet sample was placed in
50 ml Teﬂon containers with screw caps, and 5 ml aliquots of
concentrated HNO3 (69%) were added. The pre-digestion step
was carried out at room temperature for 6 h. The mixture was
then digested in the microwave oven (LG-convection) for
6 min at 200 W (high value). After cooling, 0.5 ml of HNO3
(69%) and 1 ml of de-ionized distilled water were added to
the sample container and again heated in the microwave oven
for 40 s. When digestion was completed the digested samples
were ﬁltered and the volume was adjusted with de-ionized dis-
tilled water up to 10 ml. Graphite Furnace Atomic Absorption
(GFA-EX 7; Shimadzu AA-6800), was used for measuring V,
Se and Sn while, Hydride/ASS (HVG-1; Shimadzu AA-6800)
was used for As determination. Aluminum was measured by
burner head ﬂame mode in combination with N2O/C2H2 sys-
tem (Shimadzu AA-6800).
Laboratory quality control (QC) for metal analysis
consisted of the certiﬁed reference materials (IAEA-356) and
mussel homogenate (MA-A-2/TM) for sediment and ﬁsh
respectively, preparation of blanks and spiked water samples
were carried out throughout the complete procedure, analyses
of triplicate, and the results were expressed as the mean.
Analytical results of the quality control samples show good
agreement with the certiﬁed values with recoveries ranging
90.4–97.5% and 95–111% for metals studied in sediment and
muscles respectively.
Evaluation of sediment contamination
The anthropogenic impact of the selected trace elements in
marine sediments can be determined by comparing the metal
content of each sample with unpolluted reference materials
or background (pre-industrial) levels. Wedepohl (1995) and
Christophoridis et al. (2009) used the average shale values or
the average crustal abundance data as reference baselines.
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cumulation index (Igeo) were used as pollutant indicators,
reﬂecting a relative ranking of sampling stations. EF is com-
puted using the following relationship.
EF ¼
M
Al
 
sample
M
Al
 
crust
where EF is the enrichment factor, (M/Al)sample is the ratio of
metal and Al concentration of the sample, and (M/Al)crust is
the ratio of metal and Al in crust (Liaghati et al., 2003; Ong
and Kamaruzzaman, 2009). Individual contamination factor
is an efﬁcient tool for estimation of pollution during a period
of time and determination of the pollution status of single sub-
stances (Loska et al., 1997). It is calculated using the following
ratio:
CF ¼ Mx=Mb
where, Mx is the concentration of the target metal and Mb is
the concentration of the metal in the selected reference back-
ground. The overall degree of contamination is given by:
Cd ¼
X4
i¼1
Cif
Since it is not always feasible to analyze all of the compo-
nents used for this index, a variation of this method was pro-
posed by Abrahim and Parker (2008) providing the modiﬁed
degree of contamination (mCd):
mCd ¼
X4
i¼1
Cif
4
which enables the extraction of ﬁnal available contaminant
determinations.
In order to characterize the level of pollution in each sam-
ple point, The geoaccumulation index (Igeo) values were calcu-
lated using the following mathematical formula
Igeo ¼ log2 Cn=1:5 Bn
where Cn and Bn are measured concentration and geochemical
background concentration of the element, respectively
(Anagnostou et al., 1997; Loska et al., 1997; Abrahim and
Parker, 2008; Christophoridis et al., 2009). Table 1 shows the
standards for these pollution indicators. Pollution load index
(PLI) of each site was evaluated as indicated by Tomilson
et al. (1980).
Pollution load index ¼ ðCF1  CF2    CFnÞ1=nTable 1 Standards of pollution indicators in sediment based on the
EF EF pollution status CF
>1 With anthropogenic sources P6
3 6 CF< 6
1 6 CF< 3
<1 Without anthropogenic sources <1
Cited from Diaz-de Alba et al. (2011).where, n is the number of metals and CF is the contamination
factor. The contamination can be estimated as follows: the PLI
value >1 polluted whereas, PLI value <1 indicates no pollu-
tion (Chakravarty and Patgiri, 2009; Seshan et al., 2010).
Results and discussion
Metals in seawater
It is well known that trace metal concentrations in continental
waters depend on the size of the pore ﬁlters used to separate
the particulates from the dissolved fraction. In the literature,
trace metal abundances in waters are usually given by those ﬁl-
trated using either 0.2 lm or 0.45 lm ﬁlters (Gaillardet et al.,
2003). It has been indicated by former studies (Morel and
Hering, 1993; Ammann, 2002; Gaillardet et al., 2003; Wang
and Liu, 2003; Zhang et al., 2008) that partitioning of the trace
metals between the dissolved and particulate phases is inﬂu-
enced by many factors, including suspended sediment concen-
tration, pH, temperature, and salinity.
In the present study, salinity, pH and water temperature
were uniform on all beaches and exhibited only a narrow
variation with average values of 38.81 ± 0.58&, 8.12 ± 0.03
and 28.7 ± 0.86 C, respectively. Total suspended matter val-
ues ranged from 30 to 108 mg/l (Table 2).
The variation of dissolved metal concentrations in seawater
samples from the investigated area is summarized in Table 2
compared with the typical natural trace element concentration
of water.
Selenium (Se)
The approaches by which Se can enter an aquatic environment
include atmospheric transport and deposition, direct and indi-
rect riverine input, sediment resuspension and biological behav-
ior. Dissolved total Se was invariably undetectable in most
samples. The concentration of total dissolved Se ranged from
ND to 0.020 lg/l, with average value 0.005 lg/l. Compared to
those reported for world coastal regions, the average total Se
concentration from Marsa Matrouh Beaches was lower than
even Se species that was observed from Bohai Bay, China
(0.057 lg/l for Se (IV) and 0.028 lg/l for Se (VI)) (Duan
et al., 2010), the Mediterranean Sea (0.126 lg/l for Se (IV)
and 0.124 lg/l for Se (VI)) due to the serious inﬂuence of
anthropogenic activities (Abdel-Moati, 1998). These results
indicated no discernible adverse effects on ﬁsh or wildlife and
are typical of background concentrations in uncontaminated
environments (<2 lg/l) (USDOI, 1998).EF, CF and Igeo values.
CF pollution status Igeo Igeo pollution status
Very high >5 Extreme
Considerable 4–5 Strong to extremely strong
Moderate 3–4 Strong
Low 2–3 Moderate to strong
1–2 Moderate
0–1 Unpolluted to moderate
<0 Unpolluted
Table 2 Metal concentrations (lg/l) in seawater of the study area.
St. No. Beach’s name TSM Sn V As Se Al
1 El-Remalah 31 1.067 0.348 0.323 0.010 95.970
2 Alam El-Room 30 1.005 0.312 0.311 0.020 24.200
3 Mina Hashish 69 0.500 0.015 0.481 ND 53.925
4 El-Fayroz 34 0.221 0.057 0.384 ND 101.645
5 Romel 33 0.101 0.141 0.343 ND 105.716
6 El-Boseet 37 0.822 0.090 0.671 ND 86.068
7 Cleopatra 36 0.901 0.443 0.675 0.015 36.533
8 El-Gharam 70 0.944 0.082 0.343 ND 34.920
9 El-Obayed 37 2.207 0.017 0.269 ND 19.250
10 Ageebah 108 1.569 0.083 0.337 ND 106.486
Min 30.000 0.101 0.015 0.269 ND 19.250
Max 108.000 2.207 0.443 0.675 0.020 106.486
Average 48.500 0.934 0.159 0.414 0.005 66.471
SD 25.700 0.620 0.150 0.150 0.008 36.050
Typical natural trace
element concentration of sea water
(Fiﬁeld and Haines, 2000)
2.5 3 0.1 2
ND: below detection limit, TSM: total suspended matter.
148 S.A. Abdel GhaniVanadium (V)
Natural sources of vanadium release to water include wet and
dry deposition, soil erosion, and leaching from rocks and soils.
In seawater vanadium concentrations measured usually aver-
age 1–3 lg/l (Sepe et al., 2003; Van Zinderen Bakker and
Jaworski, 1980). In the present study, only sub ppb levels of
dissolved vanadium were measured in all water samples and
their concentrations are less than that reported in seawater
samples collected along the Saudi coast of the Arabian Gulf
(2.08–2.60 lg/l) (Sadiq et al., 1992) and in U.S. coastal marine
waters (1.6 lg/l) (Kennish, 1998). Table 2 shows that vana-
dium concentrations at Marsa Matrouh Beaches were still well
below the typical natural trace element concentration of
seawater.
Tin (Sn)
Dissolved tin concentration ranged from 0.101 to 2.207 lg/l. It
can be noticed that the present concentrations were lower than
those found in other region, Suez Gulf (4.08–9.79 lg/l, Said
et al., 2010), while comparable with that reported in
Mediterranean shoreline of Egypt (0.226–1.225 lg/l, Hamed
et al., 2013). As well as, Sn in seawater of the present study
was higher than the background concentration (0.01 lg Sn/l;
Forstner and Wittmann, 1979).
This result indicated that the present investigated area suf-
fered from pollution by Sn. However, ﬁsh toxicity test clearly
shows that tin (IV) chloride is less toxic than the more soluble
tin (II) chloride. In addition, 96 h LC50 for ﬁsh range from
35 mg of tin (II) per liter to 1000 mg of tin (IV) per liter.
Embryo-larval test results (7–28 days LC50) for ﬁsh and
amphibians range from 0.1 to 2.1 mg/l for tin (II) (WHO,
2005). It is clear that the concentrations of dissolved tin in
the investigated area were much lower than the toxic concen-
tration for organisms.
Aluminum (Al)
Dissolved Aluminum concentrations ranged from 19.250 lg/l
to 106.486 lg/l with an average value 66.471 lg/l. Aluminumconcentrations in water of Marsa Matrouh Beaches are lower
than that recorded in Sabal drainage canal, Al-Menouﬁya
Province, Egypt (27.39 mg/l; Authman, 2008), while, higher
than that recorded in Southern Yellow Sea (22.11 lg/l; Ren
et al., 2011). Table 2 shows that concentration of dissolved Al
surpassed the typical natural trace element concentration of
seawater. This result indicated that the present investigated area
may suffer from pollution by Al. It is clear that average concen-
tration decreased in the sequence: Al > Sn > As > V> Se.
Metals in sediments
Grain size is the most fundamental property of sediment par-
ticles, affecting their transport and deposition and has signiﬁ-
cant role in controlling the concentrations of trace metals on/in
bottom and suspended sediments (Horowitz, 1991). In general,
the ﬁne grain size and the uniform distribution of sediment
reﬂect stable environments, although cohesive clay bottoms
can resist high velocity currents (due to their resistance to fric-
tion) that would readily erode silts and very ﬁne sand. Table 3
summarizes analysis of the grain size, no signiﬁcant differences
were found in grain size of investigation sediments (except sites
2 and 3) and comprise of sand. The mean grain size varied
between 0.52 Ø (coarse sand) and 1.93 Ø (medium sand), how-
ever sorting ranged from 0.62 to 0.88 (i.e. moderately sorted to
moderately well sorted) reﬂecting stable condition in the inves-
tigated areas. Low negative correlation was found between
grain size and determined metals in this study, indicating that
grain size of sediments is not the determining factor for metal
deposition.
The distribution pattern of total metal concentrations in
sediment fromMarsa Matrouh is given in Fig. 2 and compared
with TLV (threshold limit value) to determine whether metal
concentrations pose a threat to the aquatic life. Fig. 2 shows
that Sn surpassed the TLV at all sites, while Se surpassed the
TLV at 90% of stations.
It was observed from Table 4 that Sn and Al were the pre-
dominant selected metals while Se and As were the least abun-
dant. The decreasing order in the average concentrations of
Table 3 Grain size analysis of sediment samples collected from Marsa Matrouh Beaches.
Site No. Beach’s name Sediment type Mean size (Ø) Signiﬁcant Sorting
1 El-Remalah Sand 1.16 Medium sand 0.83 (Moderately sorted)
2 Alam El-Room Sand 0.55 Coarse sand 0.81(Moderately sorted)
3 Mina Hashish Sand 0.52 Coarse sand 0.62 (Moderately well sorted)
4 El-Fayroz Sand 1.77 Medium sand 0.70 (Moderately well sorted)
5 Romel Sand 1.93 Medium sand 0.78(Moderately sorted)
6 El-Boseet Sand 1.93 Medium sand 0.71(Moderately sorted)
7 Cleopatra Sand 1.19 Medium sand 0.88 (Moderately sorted)
8 El-Gharam Sand 1.02 Medium sand 0.65 (Moderately well sorted)
9 El-Obayed Sand 1.87 Medium sand 0.62 (Moderately well sorted)
10 Ageebah Sand 1.15 Medium sand 0.77 (Moderately sorted
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Figure 2 Distribution patterns of total metal concentrations (lg /g) in sediments.
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represented as follows: Al > Sn > V>As > Se.
Table 5 presents EF values of the investigated metals. The
values for the surﬁcial earth crust were cited from Martin and
Meybek (1979) and represent the average composition of the
surﬁcial rocks exposed to weathering.
EF values were >1, meaning the anthropogenic inﬂuence
on sediments of the study area which are enriched with all
metals. The highest values were found for Sn, indicating pollu-
tion from antifouling paints applied on ships. The EF valuesfor Sn at all sites were more than 50, indicating a high degree
of Sn contamination (extremely severe enrichment). The EF
values for V exhibited the lowest values among the studied
metals. The source of pollution was determined through the
normalization of geoaccumulation values to the reference ele-
ment. In the present study, the background value (Bn) for Se
is 0.6 (Mason and Moore, 1982); while 97 and 8 for V and
Sn, respectively (Martin and Meybek, 1979) and 2.51 for As
(Kabata-Pendias and Pendias, 2001). The geoaccumulation
index calculated for the selected metals (Table 5), indicates that
Table 4 Metal concentrations (lg/g; dry weight) in sediments of Marsa Matrouh Beaches.
St. No. Beach’s name A1 Sn V As Se
1 El-Remalah 979.638 165.488 13.821 3.003 1.375
2 Alam El-Room 580.112 223.790 12.116 4.771 1.999
3 Mina Hashish 491.773 189.152 8.292 1.194 1.412
4 El-Fayroz 571.691 48.471 8.995 1.766 1.890
5 Romel 529.704 68.332 11.636 1.131 1.833
6 El-Boseet 461.930 87.988 5.063 1.406 1.818
7 Cleopatra 435.476 400.000 4.211 0.993 1.232
8 El-Gharam 428.245 70.689 8.928 1.543 0.388
9 El-Obayed 239.086 394.328 5.310 ND 1.474
10 Ageebah 293.502 84.032 11.945 1.316 2.350
Min 239.086 48.471 4.211 0.993 0.388
Max 979.638 400.00 13.82 4.771 2.350
Average 501.115 173.227 9.031 1.902 1.577
SD 201.116 131.438 3.352 1.230 0.538
TLV NA 30.000 NA 15.000 1.000
TLV: threshold limit value (Long et al., 1995; Pekey et al., 2004), NA: not available.
Table 5 Enrichment factors (EF) and geoaccumulation index (Igeo) for trace metals in the study area.
St. No. EF Igeo
Sn V As Se Sn V As Se
1 1468.94 10.08 26.89 9.42 3.79 3.32 0.33 0.61
2 3354.52 14.92 72.15 23.12 4.22 3.51 0.34 1.15
3 3344.62 12.04 21.29 19.27 3.98 4.06 1.66 0.65
4 737.27 11.24 27.09 22.19 2.01 3.94 1.09 1.07
5 1121.73 15.69 18.73 23.23 2.51 3.57 1.74 1.03
6 1656.35 07.83 26.69 26.41 2.87 4.77 1.42 1.01
7 7987.26 06.91 20.00 18.98 5.06 5.03 1.92 0.45
8 1435.36 14.89 31.61 6.08 2.56 3.95 1.29 1.21
9 14341.89 15.86 0.00 41.36 5.04 4.70 0.00 0.71
10 2489.65 29.07 39.33 53.73 2.81 3.53 1.52 1.38
150 S.A. Abdel Ghaniall samples can be characterized as ‘‘unpolluted’’ class for V
and As while Igeo values for Se describe sediments as ‘‘unpol-
luted to moderately polluted’’ class. The Igeo class of Sn was
‘‘Strongly to extremely strongly polluted’’ for sediments of
Cleopatra, Al-Obayed and Alam El-Room beaches and
‘‘Moderately to strongly polluted’’ for sediments of Mina-
Hashish, Al-Fayroz, Romel, Al-Bosset and Ageebah beaches.
The results of contamination factors (Table 6) indicated thatTable 6 Contamination factors (CF), modiﬁed degree of contami
(MLI) for trace metals in the study area.
CF
St. No. Sn V As Se
1 20.69 0.15 1.19 2.29
2 27.97 0.13 1.90 3.33
3 23.64 0.09 0.48 2.35
4 6.06 0.10 0.70 3.15
5 8.54 0.13 0.45 3.06
6 11.00 0.06 0.56 3.03
7 50.00 0.05 0.39 2.05
8 8.84 0.10 0.62 0.65
9 49.29 0.06 0.00 2.46
10 10.50 0.13 0.52 3.92Sn possess the highest CFs reﬂecting highly contaminated
sediments (CF > 6). Sediments of all sites are low to moder-
ately contaminated (1 < CF< 3) with As, moderately to
considerably contaminated (1 < CF< 6) with Se and low
contaminated (1 > CF) with V. The PLI value calculated for
each site is shown in Table 5. Most studied sites (80%) were
found to be polluted (PLI > 1) suggesting an input from
anthropogenic sources.nation (mCd), pollution load index (PLI) and metal load index
Sum CF mCd PLI MPI
24.33 6.08 1.71 9.86
33.34 8.33 2.19 12.68
26.56 6.64 1.24 7.17
10.01 2.50 0.92 1.31
12.17 3.04 1.10 6.37
14.64 03.66 1.01 5.81
52.49 13.12 1.17 6.74
10.19 2.55 0.76 4.41
51.81 12.95 0.00 0.00
15.07 3.77 1.29 7.46
Table 7 Comparison of trace metal contents (lg/g; dry weight) in sediments of this study with those of various regions.
Site As V Sn Se Al Reference
Matrouh Beaches 0.99–4.77 4.21–13.82 48.47–400 0.39–2.35 239.09–979.64 Present study
Western Mediterranean Sea, Egypt 1.56–48.63 11.42–69.98 – – – Abdel Ghani et al. (2013a)
Eastern Mediterranean Sea, Egypt 6.13–89.21 25.04–574.75 – – – Abdel Ghani et al. (2013a)
The Western Harbour 4.7–15 7.0–59.1 2.1–15.3 0.8–3.4 9873–59204 Mostafa et al. (2004)
Abu-Qir Bay, Egypt 1.60–8.67 5.57–70.64 3.40–354.99 0.06–1.75 4960–19860 Abdel Ghani et al. (2013b)
The Eastern Harbour, Egypt 4.01–16.21 2.85–23.10 22.53–242.94 0.08–1.75 774–6360 Abdel Ghani et al. (2013b)
Northeastern Chukchi Sea, USA 5.01 104 1.4 0.75 50100 Trefry et al. (2014)
Typical sediments 5–15 20–150 – – – Neﬀ (1997)
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index (MPI), it was found that the highest values (12.68 and
9.86) were found at Alam El-Room and El-Remalah beaches,
open sea area, this may be due to the tourist and ﬁshing
activities (Table 6).
A comparative study was performed between metal concen-
trations in sediments of Marsa Matrouh Beaches with those of
other regions. Table 7 revealed that sediments of Marsa
Matrouh Beaches have lower concentrations of As and V than
those observed in Western and Eastern Mediterranean Sea,
Northeastern Chukchi Sea, Abu-Qir Bay and Eastern
Harbour, Egypt. In addition, As and V have concentrations
lower than uncontaminated coastal sediments 5–15,
20–150 lg/g for As and V respectively (Neff, 1997). The mea-
sured values of Al were lower than those observed in Eastern
and Western Harbours and Northeastern Chukchi Sea. The
range of Se was slightly lower than that reported in the
Western Harbour. However, the measured values were higher
than those reported in Abu-Qir Bay, Eastern Harbour and
Northeastern Chukchi Sea. Sn levels in sediments of Marsa
Matrouh Beaches were higher than that measured in
Western and Eastern Mediterranean Sea, Northeastern
Chukchi Sea, Abu-Qir Bay and Eastern Harbour, Egypt.
Metals in ﬁsh
Table 8 presents the levels of trace metals in muscles of studied
species. Levels of Se ranged from 0.117 to 2.270 lg/g; 0.014 to
0.056 lg/g V; 0.290 to 2.758 lg/g Sn; 1.784 to 100 lg/g Al. The
metal bioaccumulation in these muscles of species is in the
decreasing order of Al > Sn > Se > V. The order of bioaccu-
mulations of these metals might be as a result of the fact that
different metals tend to accumulate differently in the tissues of
different species of ﬁsh. Generally, signiﬁcant differences were
observed in the total metal concentrations in different species.Table 8 Metal concentrations (lg/g; wet wt) in muscles of ﬁsh spec
Species Sn V
Saurida undosquamis 2.758 0.056
Boops boops 0.803 0.033
Adioryx diadema 0.346 0.014
Pagellus erythrinus 0.787 0.016
Mullus. surmuletus 0.771 0.040
Diplodus sargus 0.475 0.019
Sparisoma cretense 0.290 0.044
Dicentrarchus labrax 0.536 0.025
ND: below detection limit.This is related to the differences in feeding habits, ecological
needs, swimming behaviors and metabolic activities among
different species.
Arsenic was not detected in all ﬁsh species, this may be
explained by both low As levels in water and by biological
metabolism of this element. In ﬁsh, inorganic arsenic species
are metabolized by methylation leading to organic arsenic as
the main arsenic forms. These forms are excreted much faster
than inorganic ones (Mandal and Suzuki, 2002).
Selenium poisoning in ﬁsh was not closely related to con-
centrations in water. Aquatic toxicologists agreed that new
standards should instead measure the element’s concentration
in ﬁsh tissue. When the EPA released a draft of the new pro-
posed standards, scientists were infuriated that the agency
had set the Se standard for concentrations in ﬁsh tissue at a
much higher equivalent level 7.9 ppm. Selenium can be both
beneﬁcial as well as toxic to biota. In aquatic environments,
organisms accumulate Se from both water and food. The
bioaccumulation of Se through the diet, however, is usually
greater than the direct uptake from water. Therefore, toxic
effects of Se in food may be more signiﬁcant than the water-
borne. Results show that only one demersal species (S. undos-
quamis) exceeded the selenium maximum permitted
concentration of 1.0 lg/g (Australia New Zealand Food
Authority, 1998). This may be attributed to feeding habits in
which it feeds on ﬁsh, crustaceans and other invertebrates.
The maximum tin concentration of 2.758 lg/g; wet wt was
measured for S. undosquamis and the minimum value with
0.290 lg/g; wet wt was observed for S. cretense. However,
levels of Sn in different species were lower than the limits given
by WHO (2.0 lg/g) (WHO, 2005).
Vanadium is involved in many physiological systems,
although not considered an essential element (Nechay et al.,
1986; Harland and Harden-Williams, 1994). Its physiological
role is still far from a clear identiﬁcation. Vanadiumies collected from the study area.
As Se Al MPI
ND 2.270 12.011 1.430
ND 0.117 14.239 0.459
ND 0.263 8.291 0.322
ND 0.232 100.000 0.732
ND 0.185 10.895 0.498
ND 0.187 19.890 0.427
ND 0.171 16.876 0.439
ND 0.146 1.784 0.243
Table 9 Correlation coefﬁcients between the trace metals in
water, sediment and ﬁsh.
V Se Sn As Al
Water
V 1
Se 0.894b 1.000
Sn 0.048 0.009 1.000
As 0.249 0.109 0.289 1.000
Al 0.216 0.015 0.243 0.193 1.000
Sediments
V 1.000
Se 0.282 1.000
Sn 0.557 0.218 1.000
As 0.538a 0.184 0.041 1.000
Al 0.571a 0.067 0.208 0.512a 1.000
Fish species
V 1
Se 0.642b 1
Sn 0.654b 0.962b 1
Al 0.374 0.116 0.033 1
Note: signiﬁcant correlations at p< 0. 1 are marked as a, and at
p< 0.05 are marked as b.
152 S.A. Abdel Ghaniconcentrations found in the test ﬁsh samples (0.014–0.056 lg/
g; wet wt) were acceptable for human consumption at nutri-
tional and toxic levels.
Aluminum is a non essential element for living organisms
and in acidiﬁed waters Al is potentially toxic to ﬁsh
(D’Haese and De Broe, 1994). Authman (2011) reported that
high Al concentration in water leads to liver damage of ﬁsh,
therefore equivalent harm of ﬁsh may occur in humans. The
highest level of Al was recorded in P. erythrinus (100 lg/g;
wet wt) while the lowest concentration was observed in
D. labrax (1.78 lg/g; wet wt).
Regardless of the type of species, the overall metal content
in ﬁsh muscles of the current study, was compared using the
metal pollution index (MPI) calculated with the following
formula (Usero et al., 1996, 1997).
MPI ¼ ðAl Se Sn VÞ1=4
Metal pollution indices (MPI) recorded its maximum value
(1.430) in demersal ﬁsh species S. undosquamis. This may be
attributed to the feeding habits (feeds on ﬁshes, crustaceans
and other invertebrates) however, lower values (<1) were
recorded for other species.
Inter-metal correlations of ﬁsh species, waters and sedi-
ments were assessed and presented in Table 9. The results of
the correlation analysis for dissolved metals in water indicated
the presence of only signiﬁcant inter-element correlations
between Se and V (r= 0.894). This is indicating that these
two metals may have the same source. In sediments, positive
correlations were found between V and As, V and Al and
between As and Al. In ﬁsh species, the correlations between
the different metals may result from the similar accumulation
behavior of the metals in the ﬁshes and their interactions
(Rejomon et al., 2010). Noted signiﬁcant correlations among
metals may reﬂect a common source of occurrence and indica-
tive of similar biogeochemical pathways for subsequent accu-
mulation in the muscle tissue of ﬁshes. In the present study,Sn is strongly correlated with Se and V while, Se, showed
correlation with V. No other signiﬁcant correlation was
observed between studied trace metals. The results showed
no obvious relation between dissolved metals and the
corresponding sediment content at the sampling sites.
Conclusion
The purpose of this study was to assess pollution status of
trace metals, V, Al, Sn, As, and Se in sediments, seawater
and ﬁsh samples collected from Marsa Matrouh Beaches.
The results indicated that sediments had high EF values for
Sn revealing the anthropogenic sources. This is supported by
separate CF > 6, the mCd, and the Igeo. According to PLI,
most of the studied sites were found to be polluted
(PLI > 1), suggesting inputs from anthropogenic sources.
MPI indicated that the highest value 12.681 was recorded at
Alam El-Room Beach. Results revealed very low concentra-
tion levels of studied metals were encountered in the seawater.
Levels of dissolved Se, V and As were below the typical natural
trace element concentration. Metal pollution indices (MPI)
recorded values were lower than 1 except in demersal ﬁsh spe-
cies S. undosquamis (1.430) indicating that it is safe for human
consumption.
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